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Army A'r Torcesn, Alr Techinical Scrvice Comuand
DI“CHTHA BEHAVIOR OF ITLITARY AIRPLANES
AS LFFZICTED BY DITCUINCG AIDS

Ry Marcaret W, Stainor
STHITARY

Planire devices sgveh aeg “vireflaneg and hydroefolle
wer? inestulled on several dynamieall - gealed models of
rmilitary airnlanes, and thelr af”cetirenzes in improving
ditchirs characteristice wasg dsterincd from tasts
coverirs o rumder of ditching conditions.

n rencral, these dltchins aids werc found to Le of
valua., Trhe ditchine aids testzd caused a »educticn in
Lthe marimmn longitudinal {along tic fore and aft axls)
decoleraticne and kopt the foroard part of the uselage
clzar cf the water during moct o1 ths run., Ifn the case
of a full-seale ditchling this proLably would result in
less damapre to the fuselase botiom and less flooding of
the airrlane, thus rodveing ths Luzard to the crew,

A2 a bLeckirecund to the rolel tests, this report
proszante general information repurdin;; ditching aids und
some experirental dutu obtuined during tests on u hydro-
flap in the impact barin at the Lansley Taboratory.

nxtanslve tests with dynamic rodols were conducted
at tho Langloy Laboratory in tank no., 2 and at an outdoor
catanult to inveatigatc the ditching characteristics of
military airnlanos.

It was found In thcsoe oarlior tests that, in sormo
instances, violant deconlerations occurrcd boecuso of the
high hydrodynamic drag of protubsrancos such as turretas,
wing flaps, und nacollos, bucauso of tho fenoral shape of
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the Mmeelaro bottom, or because—of the eflect of danume
to varlcus parts cf tne fuselaze. Aiso, reports of full-
serle ditel.ings bsd indlcated tnet dumags to the fuselage
bottowe and the flending of the fuseluge led to quick
ainizine of the a’rplano after a ditching.

he eurlier tasts were accordingly extended to
investipate the nperformance of ynamic mordols of several
millitary ailrplanrs equinned with @itehing alds., These
devises wore dasipnzd to dlssinate vertical arnd angular
momentum, wmevent the nose and nacelles from dlpginz into
the water, and deflect the watar g0 as to reduce loads on
the bHonbt-hoy arca,

Mis report presents duta freom tests which were mede
at an outdoor zatapult to 1lnvestigate the effectiveness
of ditching alds,

GLNIRAL RUQUIREMINTS O DITCHING AIDS

Ci1 the basls of the previcus nodel tests and actual
expsrience a altching oild to bz 2ffcctive should diessi-
pate the vertical and angular momerntun, prevent the nose
of the airplane from digging into the vater, and deflect
the water away from the bottom of the fuselage so as to
reduce Yoads under the pllotts coupartment and on the
boub=bay doors during a ditching.. —

The above gencral requlreneats can be met by any one
of soveral typee of alds but to be practical the ditching
ald should offer very 1little air drag, be simple, and
require only slight molifilcatlon te the alrplane structure.
™e ditching aid may he placed at a point which 1s already
reinforecd to take landing louds, such as the nose vhecl
leocation or main lending-gear loention, If this is done,
the additlional woigbht of a complete retractable ditching -
aid installation for a large honber shonld not exceed a
few hwindred noundr,

A devine,wh:chhimmodiately suorests 1taself, is some
sort of & plarin; curface 1n either the form of a hydro-
flap o « hydrofoll.

Jvdroflupes.~ The hydroflap, ac used in these tests,
ls & long inclined plate installed beneath the forward

—e
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rortion of the fuselage or under the nucalles >f an
airplaene. It serves as a slkock ebsorter uc 1t enters
the water and, if of edequate 3ize, 1t 13 abls to
absorb tie landing impact end allow the alrcraf't to
nlane slong the watar with the nose, nacelles, wrd
forwurd nart ol the fuselage Lnitom clear of thie water.

Although the walte mronertles of a hydroflar are
riot too well esbtabliabed, 3t is thougkht that con-
slderable ursa of tve tuselsge bottom will be alforied
rrotection btv the hvdroflar wake,

The attitude o the longltudinal axls of the
airplane during a 2ltcking !'s usvally of the order
of 3° to 129, To protect t%s .10se, w hydroflan should
be narrow laterully to 1lim’t the jaitial loading and
should proiect a coasideruble distance, vertleally,
bensath thie nose so that ccntact with the water cf
the lap ard the rear of thie fseluazl would ocgur
at about ©l.e same tlue, The flar slLould Lend te roid
the nose¢ out of the water while Lhe rcar of tiio fuselage
tends to sink into tiiz hrvdroflar wake so tliat theras
should be little change !n fuselage attitude durlng
the early atages of a smooth-walter Aitchlag.

Hydroi.oills.- Anotlier dltehing aild, wrich may
accomﬁIIaE t¥e asosme nurnose as a2 Lydroflan but in a
sliaghitly different marnner, is a v-tyne hydrofoll.

Tr.is device, as used in :hicse tests, i3 au nlate hLaving
a snan of several feet ani a chord ol awbout one-slxth
to ons-ei:hth of the span. It is suspended bolow the
nose of an airnlane LY struts, has a sligat dlhadral
in the soanwlse cdirectlon, and has a cross section of
an a'rfoil.

As the hydrofoll contuacts, 't acts as a nlaning
vlate; lowever, its small chord lengt: snd low nosittve
angle of incldence witl. tle water surface vernit it to
immarse intc the water. At a denth of ! or 5 cliord
lengths the hvirefoll !'s not in"luvznced br the asurface
of the water and excent for cavitation airfoil cond!tions
nrevall, As tie rwvirofsil sgain anproaches the surface,
reduction in tre mass of wuter flowing sbove the
Lyirofoil cesussa reduction !n the necative pressures
on tha upper surface and an it leaves the water, 1t
acgain scty as a very wildo hydroflep.




I MR No. I5Al6

If the nose hydrofoll hias a negatlive attitude at
any time during a ditching,it will cause a Aownward
force which willl be hazardous, In order to elimlnate
tais dunger 't may be desirable to have the hydrofoll
onerate at a high angle of attack, If thla 1s done,
conplate cavitation should occur througtout the irmmerslion
and thie hydrofoll will act similar to a wide hydroflap
rather than sn alrfoll,

ATPARATUS AYD PRCOCEDURE

T:e annaratas us2d and the general rrocedure followed
at the outdoor catzpult 'n conducting mocdel tests &re
Asscrived in references 1 and 2.,

Dwmamic mcdels of the Army B=-26, B-25, R=-17F,
B=2l, ané A=-20A airplaunes ware uased ia the tests, All
of the riodels excart that o' th2 B=17F alrnlane were
altersd to asimulite damuge of such rarts as tle homb
doors, nose=-wheel door, hottom hatches, aund barhardier's
windo¥# as described in reference 1, The B-17F =odel
was tested with bomb doors Intact and with the belly
tuarret rigldly fastenad In olace and with simwvlated
dumage of nose window and tottom hatches slnce the
most unfavorable Aitching performance was obtalned
in this condition. Models oI the R=25, u=26, and
A=20A°alrplenes were tasted with bomb doors !n place
which were deslgned to full on direct contact with the
water as In a full-scale dlit=hing. Ditchinzs were
made with and w!thout dltekhliu~ alds to determine
roughly the extent of oproteoctlion afforded to the weak
bomb docr by an aid,

The meneral sreclflcatlions of the d!tehing alds,
which wore Installed on trhe varions niodels, are nre-
sonted in table T,

Typlcaul Installations of the nose hydroflap,
nacelle hydroflans, and a nose hydrofoll are nresented
In flzures 1, 2, and 3.

RESILTS

Hydroflan test in the I!mpact basin.- As a background
to the model tests, & prellmlinary test was made 1in the
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impect bastp © obtaip the Bnerg) characteristies and
Pressype dtstributlon that might pe €Xpecteq of g
ydrorlap. I8 8pparatyg and Zenera] brocednpe used

Qre deacrlbed n rererenoe 3. € run wgg made.W1th a

mode} hydroflap of S~inch width incllned &n Angle

of 200 ¢, the watep Surface gnqg with g “elght o

2L oo Pourdg leading the model, The velocity Paralley to

the Watep Surface vag 92.5 feet per decond *hile the

vvloclty normal ¢q the watep furface wag 9.25 feet per

This ' may pe constderey as representative of a
rull-scale ditching at ao miles Pér hoy by Scaling all
i ng to the laws of similitude. The correg.
pording Valuea fop the rull-scale eondition ar i
veloclty Rormal ¢, the e ter of -2 fee € >
a bydrorlap vidth op Li.g inches, &nd g loag on the
hydrorlap,ot 20,600 Pounqds,

In g nornal tail-dcwn dltching attitude the ta1} of,
the ruaelage'and the hydrorlup each Carry papt of the
inertig loagg, Thig run may be eonsidepegq us representa.

Ive of the dﬂrrersnt mtlltary-alrplanes being investy ated
(having 8ross Yelohte Penging from 20,000 to 50,000 1b§ .
ir dirreren proportiona or the-wnter loag are consldered
to be acting op the hydrorlap &nd OnL .the tail o the
%€ o

Figure 5 1s g sketch *hich Speciftecg g PO8sible

' ' s
dltchlng Conditiyp approxfmntely Tépresenteq by the
expcrlmental run, :

Floupe ¢ Fresents ¢pe reaul tg ottaineqg in the
a@bove run in the form of time histories of
accelerat;on, Vertical vVeloett
m tl y

The g¢nera] Shape op the bressupre time historiea
&t al} immersed Pointas &long the centep line of the
J b e

; - Ory plots gp-
€ recorge Pressypeg occurrlng at the location of
h w ressy €énts,

—————
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As a point entered and left the water it experienoced
a peak pressure approximately eausl in maznitude to the
neximur, dynemio pressure for the effective velocity at
whioh the point was traveling rclative to the water,
Nuring the rest of the immnersed period, the value of
the pressuirre wes about one-half of the peak value,.

The peek values world heve been allightly less at
points farther up oan the hydroflup than they were at
the locatlions of the mressure guges used in the tests.
For the over-all hydroflap design a unifornly dis-
tributed sustained pressure of one-half the peak value
could be asrumed vhile the peak pressure values oould
be used in the local design of the hydroflap.

The hydroflap irmersed about 25 inches verticelly
(full sculc) before vertical rotion wes dissipated.
This depth would have required & hydroflap inclined
at 30° to the fuselage bottom und approximutely 6 feet
in length tc keep the nose of the fuselage clear at
the test aneed. ‘

Dynamio model tests at the outdocr oatarult.-
To allow for variatiors In seaway, wind, or testing
teohntoue acveral runs were usually mude with a model
holding the attitude, speed, and struotural da.nage
ccnstante ’ .o

Table 1T sumrarizes the obsecrved general performanne
of the various models with and without a ditohing aid.
The nurber of runs considered and the conditions of
seaway arc indiocated,

Table III presents values of maximum longitudinal
decelerations (along the fore and aft axis) obtained
in ditohings of various models with and without ditching
ulds. Typical runs made -under similar oonditions are
comptred to demonstrate the effect of ditohing aids con
maximum longitudinal deoeleraticns,

Table IV presenta data which roughly indicate
the extent that ditohing aids protect the bomb doors.

Figure 7 18 a plot of time histories of longi~-
tudinal deccelerations obtained in typloal ditohings
o{daeverul dynamio models with-ard without a ditching
&1d.,
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The nacelle hydroflaps were successful in pree
verntin~ violent turns in wingelow landings by reducing
the nacclle drag and therefore the high yawinz moment,

Fffect of ditchinr alds upon deceleration, = In
every lrnstance tlie maxinum lon~ituacinal deceleration
(alon~ the Iore and aft axis) was decrcased when an
aid was used, In most runs the deceleration was
'reatly decressod over that experienced in runs without
an aid, althouzn, in a fecw instances, there was ruch
benefit offered by an aid,

Protection of furela.;e bottom, = In landings in
smootly Vater and parallel Lo ctne waves, tiiere was an
inclcation that some nrotection to the fuselare bottom
woull be aceomplisiied Ly tilie nose bydroflep, Tiae
hydrofoil also altorded soue protection to tie forward
f1alf of tle fuselaze Lottou insofar »s that port.on
was held cleer ol tbc water until late in ti:e mur,

T {fectivenegs of ditchinz aicds in roush waters =
The nolc¢ hydrcilap and hLyq PJ[OlI verc Inriallec iu
mocdels which were citched in smooth and rouzgiy water,
Soth devices were meost ef'fective in smwotn watcr but
appearca .to Le of conslderuidble value in moderate seoway
when landins paralled io the waves,

The hydroflap usually s.cceeded in holdin~ the
mose clear In ditechiinza made across the vaves except
in a few cases wren the model skipred and re-entered
in a nose-down attitude so that the hydroflnp tri-

an~le was very smsll,

The hydrofoil was effective in landinz scross swells
but was not tested in roushh bresting waves

The nnacelle h"drollaon used were too smnll and
provided insufficient pitehine moment to ve of mirch
valve iIn a ditchin~ acrosn tiie waves but lon-ser and
wider hydroflapns would nrovavly tave ifmproved ditelilng
perfermence in rough water, .

Gereral ovservations. = Judr~ins from model'iests
i1t wourld be uUest to mave a oue-d*tchin' ald in
conjunction with aids unCer cach ol tue 1..ourd
nacelles,
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If hydroflaps. are naad, they sho10.d be trapezoildal

in plun form and 1t wonuld be desirable for the nuoelle .
flaps to have a V-type cross sec:ion (dihedral) in

order teo introduve anproprinte forces for recduoing the
‘ yav that acccmpanies a slightly wirg-low ditohing.

It would be prelcrable to huve all hydroflaps
ccntact the water at ubout the sane time as the taill
_or the eirnlene in order to minimize pitohinge.

If a hvdrofoll 1as uscd it wculd be desirable for
it to be installed so that it will have little
orporcunity to operate at a level or negative attitude.

Retracteble ditching aids should hLave negligibdle
effeot upon the top spced of the alirplane.,

CONCLUSIONS

The following conclusicns ure based on tests made
vith dynamlo models of military uirplunes lurded in
calm and rough water at an outdoor catepult.

l. Ditching aids would be an asset to utirplanes
which ure forced to operate extensively over seaway
because of the following bencficial effects in event
of a ditching:

a. Denreased deocleration,
b Protection of ferwurd fuselage bottom,
¢+ Reduotion of diving tendency.

d. Reduction of yewing tendency during wing-low
ditchings.

2+ Ditohing alds placed under the nose and under
the nacelles, which house the main landing gear, would
be practical meuns of improving the ditching behavior
of militery airplanes,

Langley Memorial Aeroncutical Luboratory
Naticnal Advisory Committee for Aeronautics
Longley Field, Va., Jenuary 16, 1945




lo

1.

2,

3

Fisrer, Lloyd J., and Stelper

MR No. L5416

REFEREHCES

» Margaret F,q

Ditching

Teats vith a 1/12.-S1ze lode! of the Army B-26 Aip-
pPlane in Naca Tank No.
NLCA N2, aug. 15, 194, .

Jarvis, George A, and Steinep
Tosts vich - 1 /]].82

plane in NACE Tunk Na.
hiCA WP No. LyJi1, 19irl;,

Batterson, Sicney 4.:
Vi ter Lending Tees;

Velocities ana

Vielzhts,

2 and

zo dedol of the

> Marearet F,;

on an Qutdoonr Catapult,

Ditching

avny Be2h a3 -

2 arnd on an Ouidoor

The NACA
8 ot a Filcat Mode

N&CA ACR N

Catapult.

Imract Rsein and

1 at Varigns .

Oe L‘.}Hls,

15k,

———




MR No. Lb5Alé

| TARLE T
DITCHING AID SPECIFICATIONS
§ (311 valuse ere full-acale)
[t B2, 525 B26 a-204 S .l
Mydrofoll = V=type, 2 etrut suppart
an, in. 96 9%
ard hnfm. in. 16 16
Poll sestion, planc convaa ® = 19 in. e U.2%5"
Lower aurfece Lower sur=
flet fase flet |

Dietance delow feselage reference
ine, spprox. in. [N B
R 1e made with fuselage reference

ine, eppron. 'f *3 *5
Longltedinel location eith reference
to most foreard pert of fuselege,

prox. ln. =87 -B87

Ana. of dlhedrel, of hydrofoll, deg 15 15

Nowe hydroflap - Lorng

Lesetton with reference to most
foreerd part of fueselage,

g B 2 | 4

|
width, in. I
. Angls of lnellnation with fuselage
reference lims, dag 30 30 30 50

Shape of lower eurfase Flat Puselage bot: | Pusalege dot- Flat I

tﬁl:.o-n- :n our ve-
epprox= re rox- {

l—ud." l-n:’

Nowe hydrofiep - Shart |
u-'.uu with r eference to most
o

mﬂrn of fuselage, spprox. ir -E -'i,‘ -Zk -22 .;é

Width, in. 22 20
Angle of laelinetlem with fuselege |
referense llne, deg 15 15 30 50 'io
Sheps of leeer surfese Tlat Plet Purelege bot-| Pueslege dot- ot . I
:NI ourvae ::- surva-
ure appros- Te approx-
lmated. lmsted.

!

Naeelle Eydroflape (indeerd nacelles)
Lesstion om u::xn
souling o
in.
mu'ﬁ'.'x - 2 -II-&

e
.,u of lnelinatlon with thrust
ine, dog 20
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